Introduction
In recent years, high resolution image sensors achieved by scaling pixel sizes and sharing some pixels have been reported [1] [2] [3] . The excessive pixel pitch reduction of 1.5-μm or less, however, have resulted in a decrease in sensitivity and lens resolution [4] .
Meanwhile, newly developed CMOS image sensors with lateral overflow integration capacitor (LOFIC) have achieved advantageous characteristics such as high sensitivity, high SNR, high full well capacity (FWC), and low dark current [5] [6] [7] [8] . It is a challenge to obtain a high resolution performance while keeping the advantageous characteristics in the LOFIC CMOS image sensor.
In this paper, two LOFIC CMOS image sensors with scaled pixels fabricated by the same CMOS technology as the previous work [6] have been discussed. Fig. 1 shows the schematic pixel layout diagrams of the LOFIC CMOS image sensors with (a) the conventional pixel with 5.6-μm pixel pitch [6] , (b) a new rectangle pixel covered by a checkered color filter with effective 4.2-μm pixel pitch and (c) a new shared two pixels with 3.0-μm pixel pitch, respectively. Fig. 2 and Fig. 3 shows color filter array and schematic pixel equivalent circuits of these image sensors, respectively.
Device and circuit structure
In the checker-pattern LOFIC CMOS image sensor, the color filters and on-chip micro-lens are placed densely and uniformly along the direction at an angle of 45° on the photodiode (PD) in a rectangle pixel. The rectangle pixel structure has achieved high area efficiency by the shortest distance layout from the PD to the select switch (X) though the same CMOS technology as the previous work is using.
In the shared two pixels LOFIC CMOS image sensor, a pixel size reduction is achieved by sharing the floating diffusion (FD), the reset switch (R), and the source follower (SF) between vertically adjacent pixels, removing the switch X and introducing the lateral overflow photoelectron transfer gate (LO-gate) to directly transfer saturated photoelectrons from the PD to the LOFIC (Cs) without overflowing to the FD. Fig. 4 shows the schematic cross sectional view along the line A-A' in Fig. 1(c) .
The Cs is formed by the 1st Poly-Si of the LO-gate and the 2nd Poly-Si above the LO-gate, and so it is not causing any additional area increase. A pulse operation of the reset voltage V RESET enables a pixel selection, instead of the switch X. As a result, the 3μm pixel pitch is achieved in spite of using the same CMOS technology.
Results
Fig .5 shows the micrographs of fabricated chip. All of the three CMOS image sensors were fabricated using the same 0.18-μm, 2-Poly 3-Metal CMOS technology with buried pinned photodiodes. Fig.6 shows the sample images of a resolution chart and a color chart. The resolution is improved in the following order of the shared two pixels LOFIC CMOS sensor, the checker-pattern LOFIC CMOS sensor, and the conventional LOFIC CMOS image sensor, respectively. Table Ι shows the summary of the image sensor performances. The checker-pattern LOFIC CMOS sensor and the shared two pixels LOFIC CMOS sensor have high resolution, high FWC, and high sensitivity regardless of pixel size scaling. Fig.7 shows the relation between the FWC per pixel area and the pixel pitch for the new LOFIC CMOS image sensors, conventional LOFIC CMOS image sensors [5] [6] [7] 9] and the conventional CCD and CMOS image sensors, respectively. The FWC per pixel area of the checker-pattern LOFIC CMOS sensor is higher than 10-ke − /μm 2 . The shared two pixels LOFIC CMOS sensor has almost the same FWC per unit area as the conventional LOFIC CMOS image sensors. It is expected to obtain higher resolution, higher sensitivity and wider dynamic range by introducing more advanced CMOS technology to the checker-pattern and the shared two pixel LOFIC CMOS image sensors.
Conclusion
New LOFIC CMOS image sensors with a rectangle pixel and a checker color filter pattern and with a lateral overflow photoelectron transfer gate to directly transfer saturated photoelectrons have been developed and have achieved high sensitivity, high full well capacity and wide dynamic range properties. The two new sensors show higher resolution performances compared to the conventional sensors in spite of using the same CMOS technology. 
Color Filter
A'
